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AbstractThe high altitude (HA) environment is characterized by extreme environments like hypobaric hypoxia and cold. Sojourners, when exposed to such a stressful environment, a good percentage of them suffer from HA-induced diseases like High-Altitude Pulmonary Edema (HAPE), Pulmonary Hypertension etc. Contrary to this, the HA inhabitants, who have a long history of exposure and opportunity for natural selection perform their routines or exertion oriented activities satisfactorily and rarely suffer from mountain disorders. In both, pathogenesis of HA disorders or HA adaptation/performance, blood pressure (BP) is one of the physiological parameters, which plays a critical homeostatic function. As the Renin-Angiotensin-Aldosterone System (RAAS) contributes significantly to the regulation of BP, vascular tone, cardiovascular remodeling, and electrolyte and volume homeostasis, we envisage that the RAAS genes and their allelic variants may be associated with altitude adaptation, which might influence physical performance of HA natives and/or the pathogenesis of HA disorders in sojourners. Our study holds the following fourfold objectives: To look for an association, if any, of polymorphisms of RAAS genes, namely, ACE-I/D, AGT-M235T, AGT-T174M, AGT-GT repeats, AT1 receptor-A1166C and AT1 receptor-G2228A, with HA adaptation and routine physical activities of the sea level and highland populations. To find an association, if any, of the above mentioned RAAS gene polymorphisms with the pathogenesis of HAPE, an HA disorder, in sojourners. To ascertain the association, if any, of these RAAS gene polymorphisms with systemic hypertension in HA population. To analyze the highland population for SaO 2 and ascertain the genotype-phenotype correlations in HA adaptation and routine physical activities. ? ? The first study was designed to look for genotypes of the selected RAAS genes that might contribute to enhanced routine physical activities of HA natives and sojourners. The polymorphisms screened were ACE-I/D, AGT-M235T, AGT-T174M, AGT-GT repeats, AT1 receptor-A1166C and AT1 receptor-G2228A. We hypothesize that these polymorphisms might have contributed to routine physical activities of HA natives by compensatory improvements in cardiopulmonary function. The study included 136 HA natives of Himalayas (HLs), and 151 sea-level natives. ACE, AGT and AT1 receptor genotyping was carried out with the isolated genomic DNA. The ? 2 analysis revealed a significant preponderance of ACE I and AGT-T174 alleles in the HLs (p < 0.05). The genotypes of ACE I/D and AGT-T174M polymorphisms were also found to be distributed significantly between the HLs and the LLs. In case of the other polymorphisms, a trend of over-representation of wild type alleles was observed in HLs. The data for AGT and AT1 receptor genes was further supported by the haplotype analysis. The results revealed the role of ACE I and AGT-T174 alleles in HA adaptation and routine physical activities of HA natives. The role of other genes in the regulation of HA physiology cannot be excluded because the process of adaptation is a complex trait. Further, we hypothesize these gene polymorphisms, may have contributed to the pathogenesis of HAPE in sojourners. The study included 136 HA natives (HLs), 65 lowlanders (LLs), who never suffered from HAPE despite of ascending several times to HA and 39 HAPE subjects, who were lowlanders and suffered from the disorder when visited HA for various reasons. ACE, AGT and AT1 receptor genotyping was carried out. The ? 2 analysis revealed that the HAPE subjects were predominant with ACE D and AGT M174 alleles (p < 0.05). The results suggested the role of mutant alleles ACE D and AGT M174, in the pathogenesis of HAPE and consequently, an association of the wild type alleles with lower incidence of the disorder in sojourners. The next investigation focused on an ethnically homogenous HA natives of Himalayas, categorized on the basis of low and high BP. The subjects analyzed were 101 normotensive highlanders and 73 hypertensive highlanders. ACE, AGT and AT1 receptor genotyping was again carried out. The ? 2 analysis of the selected polymorphisms revealed that a negative association of these polymorphisms exists with systemic hypertension in HA natives. SaO 2 , a measure of hypoxemia was also analyzed in the permanent residents of HA. The population were recognized as high-altitude controls (HAC) and high-altitude monks (HAM), who resided at the same altitude but differed in their routines. The analysis of SaO 2 levels revealed that the HAM had higher SaO 2 than the HAC. We hypothesize that HAM, who are less hypoxemic than their counterparts HAC, perform their routine physical activities more efficiently, which may be a selective advantage in the extreme environments of HA. However, analysis for a correlation of this phenotype with ACE, AGT and AT1 receptor genotypes revealed no encouraging results suggesting that SaO 2 is independent of these genotype. The identified genetic markers would help reduce the rate of morbidity/mortality from HA disorders. Our results could be of immense utility, especially to mountaineers, trekkers, and even to the defense personals who are given strategic assignments at HA. 
  	 


